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Diffexeniially eaq a tessed L^dunania geoes and proteins are described. One di£ferentially expressed gene (A2) Is expressed at 
significantly elevated levels (mace than about 10 fold bigber) in tfae amastigote stage of the life cycle when the Uidwumia organism 



is present in maoophages dian in die fiee pcomasdgote stage. The A2 gene encodes a 22 kD protein (A2 protein) that is recognized by 
kala-azar convalescent sennn and has amino add sequence homology widi an S-andgen of PUtsmodbtm falciparum W tnamcM isolate 
VL Di£feiendally espcesaed LMmania genes and proteins have udlity as vaccioes. diflgnAffffc reagents, as tools for dw generation of 
immunological reagents and die geaeradon of attenuated variants otlMunania. 
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TITLE OP Typ^i^xy 
FIELD OP TMVBWTT^II 

The present invention -ie related to molecular 
cloning of Lfiishmanifl genes and, in particular, to the 
cloning of amastigote differentially ej^ressed genes from 
Leishmanla donava^j 

BACKGRODND TO THB TfrVFTitTrrT 
Lg i ahman i q potozoans are the causative agents of 
human leishmaniasis, which includes a spectrum of 
diseases ranging from self-healing skin ulcers to fatal 
visceral infections. Human leishmaniasis is caused by at 
least thirteen different species and subspecies of 
15 parasites of the genus Lg ABhniania . I-elshmaniasis has 
been reported from about eighty countries and probably 
some 400,000 new cases occur each year. Recently, the 
World Health Organization has reported 12 million people 
to be infected (ref . i - a listing of the references 
appears at the end of the disclosure) . 

^' <8gngYi^n 1 causes visceral, leishmaniasis, also 
known as kala-azar. L. br;»Bn SoTiffj ff causes mucotaneous 

leishmaniasis and naiar causes cutaneous 

leishmaniasis. Untreated visceral leishmaniasis is 
usually fatal and mucocutaneous leishmaniasis produces 
mutilation by destruction of the naso-oropharyngeal 
cavity and, in some cases, death. 

In addition, a major health problem has be_en created 
in areas of high infection when blood is collected for 
30 transfusion purposes. Since blood is a carrier of ihe 
parasites, blood from an infected individual may be 
unknowingly transferred to a healthy individual. 

The I tg i ehman^fl protozoans exist as extracellular 
flagellated promastigotes in the alimentary tract of the 
sandfly in the free-living state, and are transmitted to 
the mammalian host through the bite of the insect vector. 
Once introduced, the promastigotes are taken up by 
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macrophages, rapidly differentiate into non-flagellated 
amastlgotes and start to multiply within the 
phagolyeosomal conpartment . As the infected cells 
rupture, amastigotes subsequently infect other 
S macrophages giving rise to the various symptoms 
associated with leishmaniasis (refs. 1 and 2) . m this 
manner, it is the amastigote form of the parasite which 
Is responsible for the pathology in humans. 

While in the midgut of the insect, newly transformed 
10 promastigotes, functionally avirulent. progressively 
acquire capacity for infection and migrate to the 
mouthparts (ref. .3). This process, termed the 
metacyclogenesis, which occurs only in promastigotes, is 
concurrent with the differential expression of major 
15 surface glycoconjugates which mediate the migration of 
promastigotes in the alimentary tract and prepare the 
organism for the serum environment (refs. 4 and 5) . in 
comparison, the promastlgote to amastigote 
cytodlfferentiation is a .profound morphological and 
20 physiological transformation. During the promastlgote to 
amastigote differentiation, the parasite looses Its 
flagellum, rounds-up, changes Its glycoconjugate coat 
(refs. 6, 7 and 8) and expresses a set of metabolic 
enzysies optimally active at low pH. The survival of the 
25 parasite inside the macrophage phagolysosome is 
associated with its ability to down-regulate many 
effector and accessory functions of its host cell, 
including oxygen metabolite -mediated killing and the 
capacity of the macrophage to act as an efficient antigen 
presenting cell (reviewed in, for example, ref. 9) . 

Leishmaniasis is, therefore, a serious disease and 
various types of vaccines against the disease have been 
developed, including live parasites; frozen promastigotes 
from culture; sonicated promastigotes; gamma-irradlated 
35 live promastigotes; and formalln-kllled promastigotes 
treated with glucan (reviewed in, for example, ref. 10) 
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However, none of these approaches have provided 
satisfactory restilts. 

The promastigote-amastigote differentiation is 
in^ortant to the estal>lishment of infection. It would be 
desirable to identify genes and gene products that are 
differentially expressed when the amastigotes are present 
in macrophages.' 

Jo8hi>" et al. describe L. donovani, genes that are 
ea^ressed at about two- fold higher in in vitro generated 
and maintained "amastigotes" compared to proraastigotes 
(ref . 11) . 

SUMMARY OP TOP! TKfyj^Tn^ 
The present invention is directed towards the 
provision of a LgAshmanA^ protein that is differentially 
expressed in the amastigote stage when' the Leishmania 
organism is present within macrophages and genes encoding 
the differentially expressed protein. The amastigote 
differentially expressed gene and protein are usefiil for 
the preparation of vaccines against disease caused by 
IiSlfihmsnia/ the diagnosis of infection by Leiahmanla and 
as tools for the generation of immunological reagents and 
the generation of attenuated variants of Leishmanla . 

In accordance with one aspect of the present 
invention, there is provided a purified and isolated DNA 
molecule, the molecule con^rising at least a portion 
coding for a differentially expressed gene of a 
fcgj,ghinMft,a organism, the differentially e3q>ressed gene 
being eo^ressed at an increased level when the amastigote 
form of the Lgjghmmia organism is present within a 
macrophage. The increased level of expression maybe at 
least about a ten-fold increase in expression. In one 
embodiment of the present invention, the differentially 
eaqjressed gene may be a virulence gene of the Iieishmani^ 
organism and may be required for maintenance of infection 
by the amastigote form of the Leishmanla organism. 
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In a further aspect of the invention, the 
differentially expreaaed virulence gene is ftmctionally 
disabled by, for exanqple, deletion or mutagenesis, such 
as insert ional niutagenesis, to produce an attenuated 
5 yf^tshmmA^ organism for use as, for example, a live 
vaccine. Conveniently, strains of Leishm;.n^;. from which 
differentially eaqpressed genes may be isolated include 
Leishmanla donovani . 

Further aspects of the invention include the protein 
10 encoded by the differentially expressed gene, and the use 
of the protein in vaccination and diagnosis. Additional 
aspects of the invention include an attenuated strain of 
LeAshTP^^^Af^ in which the virulence gene is disabled and a 
vaccine comprising the same. 

BRIEF DESCRIPTION QP THE PRAWXfT^p 
Figure 1 shows a schematic outline of the araastigote 
cDNA library construction and differential screening with 
amastigote and promastigote-specific cDKA probes. An 
example of an amastigote-specific cDNA clone is i-ndicated 
20 by an arrow on the colony hybridization autoradiogram; 

Figure 2 shows a restriction enzyme and size 
analysis of Leishmanla dQnovan^ amastigote-specific cDNA 
clones ; 

Figure 3 shows a Southern blot analysis of 
25 IfeAPhTOn:^^ ^Q3;^oYanA amastigote-specific cDNA clones; 

Figure 4 shows a Northern blot analysis to 
demonstrate that A2-specific transcripts are present in 
amastigote-infected macrophages but not promastigotes; 
Figure 5 shows a Southern blot analysis to 
30 demonstrate that A2 transcripts are encoded by a 
multigene family; 

Figure 6 shows a restrictipn map of plasmid pGECO 90 
that contains the L. denQv;^ y]ti a2 gene; 

Figure 7 shows a restriction map of a genomic clone 
35 of the A2 gene and its relationship to A2.related cDNAs; 
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Figure 8 shows the nucleotide sequence (SEQ ID NO: 
X) and deduced amino acid sequence (SEQ ID NO: 2) of the 
open reading frine II (ORF II) of the Leishmanj^ ^^r"Y-n1 
A2 gene; 

5 Figure ? shows the homology between the LeishmaTi^a 

^ffngymi A2 protein (SEQ ID NO J 2) and the PlasTnodium 
f^JrCitPflrum S antigen (SEQ ID NOi 3) within the repeated 
subunits of these proteins; 

Figxire 10 shows the construction of a plasmid pET 
10 l€b/ORF 11* for esqpression of the A2 protein; 

Figure 11 shows the presence of antibodies against 
A2 fusion protein in kala-azar immune serum by 
immunoprecipit ation ; 

Figure 12 shows the specific recognition of A2 
15 fusion protein by kala-azar sera by Western blot 
analysis; and 

Figure 13 shows the results of Southern blot 
analysis of the separated chromosomes of different 
species and subspecies of Leishmania. 
20 gEWBRAL DESCRIPTION OF THE TmmwTTffl 

Referring to Figure 1, there is illustrated a method 
used for isolating a Leismania gene differentially 
expressed during the amastigote stage in the life cycle 
thereof. The method comprises the steps of (a) 
25 constructing a cDNA library from the Leishtnania organism 
in the amastigote stage in the life cycle thereof; (b) 
constructing a first mixture of cDNA probes specific for 
the amastigote stage in the life cycle; (c) constructing 
a second mixture of cDNA probes specific for the 
30 promastigote stage in the life cycle; (d) separately 
probing the cDNA library with the amastigote and 
promastigote-specific cDNA probes in order to identify 
CDNA clones that are recognized by the amastigote mixture 
of cDNA probes but not the promastigote mixtiire of cDNA 
35 probes; and (e) isolating the cDNA clones identified in 
step (d) . * 
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The amastigote-speclfic cDNA clones identified by 
the above procedure can be further characterized by 
restriction enzyme analysis and their relatedness 
determined by Southern hybridization studies. To 
determine if cDNA clones identified by the above 
procedure represent amastigote- specific clones that are 
expressed at a higher level (more than about ten-fold 

organism is present within macrophages, macrophages were 
infected with amastigotes _and differentially-expressed 
gene transcripts were detected by Northern blot analysis 
in an embodiment of the present invention. the 
differentially expressed LsiaHsania gene is Iu_flQiiszani 
gene that is expressed at an increased level when the 
amastigote form of the fc^jghniflnlf. organism is present 
within a macrophage. The intracellular environment of 
the macrophage has an acidic pH of, for example, about 
4.5 The differentially expressed genes Include those 
having sequences, such as the DNA sequence set out in 
20 Figures (SEQ ID No: I) or its complementary strand; and 
DNA sequences which hybridize under stringent conditions 
to such DNA sequences. Such differentially expressed 

tT,^^""" ^^"^ °' lu-daasz^ having 

the im sequence set out in Figure 8 and the invention 
25 includes a cDKA clone encoding the A2 gene depicted in 
Figure 8, which clone may be in the form of a plasmid 
particularly that designated pOECO 90 (Figure 6) , which 
has ATCC accession number ATCC 75510. 

The differentially expressed "genes may encode 
proteins, such as the 22 kD A2 protein (SEQ ID No: 2) 
being encoded by the longest open reading frame (ORF II) 
of the A2 gene. Most of the predicted A2 protein is 
composed of a repetitive sequence consisting of a stretch 
of ten amino acids repeated nineteen times (Figure 8} 
Since each unit of this repeat contains two serines, two 
valines, two leucines and two prolines separated from 
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each other by five residues, the repeated region also may 
be considered as a stretch of five amino acids repeated 
thirty-eight times. The amino acid sequence of the A2 
protein has homology with an S-antigen of Plasmodium 
5 falcitPaymn (SEQ ZD NO: 3), as shown in Figure 9. As with 
the Ji, dgnovanii A2 protein, the carboxy-terminal portion 
of the S-antigen of P. falelnanm Vietnamese isolate VI 
is composed of a stretch of eleven amino acids repeated 
nineteen times; the repeated units of both proteins are 
10 50* identical and 80% homologous. 

Life cycle stage specific genes from LeiahmaTl^a may 
be isolated in the present invention. Some of these 
genes are rgqw4rg^ for transition between the life cycle 
. stages and include virulence genes of the Lsialmania 
15 parasite, such as virulence genes that are required for 
maintenance of infection by the amastigote form of the 
^eishmania ^organism. These virulence genes may be 
functionally disabled by, for example, deletion or 
mutation, including insertional mutagenesis and, 
20 furthermore, the wild-type Lfiiahmania gene may be 
replaced by the functionally disabled gene. The 
virulence genes may be functionally disabled by, for 
example, replacing the A2 gene by a selectable antibiotic 
resistance gene by homologous recombination following 
25 transformation of the LgigfamanA?^ organism with a fragment 
of DNA containing the antibiotic resistance gene flanked 
by 5'- and 3'- non-coding DNA sequences. This process 
can be used to generate attenuated variants of Xelflhnia,,<a 
• and the residual pathogenicity of the attenuated variants 
30 can be assessed in mice and hamsters pigs. It is likely 
that deletion of genes that are selectively expressed in 
the human host environment (that being when the 
tfe;<.Bhman i ,a organism is inside the macrophage cell) result 
in an attenuated strain which cannot survive in humans 
35 but generates a protective immune response. Attenuated 
strains of Iigj.BhTnanif^ would be useful as live vaccines 
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against the diseases caused by Iig^^hm^^^i^ and such 
attenuated strains form an aspect of the present 
invention. 

Differentially e^^ressed genes and proteins of 
Iffi^i^hmmla typified by the embodiments described herein 
are advantageous as: 

antigens for vaccination against the diseases 
caused by Leishmanta, 

diagnostic reagents including hybridization 
probes, antigens and the means for producing 
specific antieera for (for example) detecting 
infection by Leishmatiia. 
target genes for functional 
disablement for the generation of 
15 attenuated Leishmania variants. 

Vaccines comprising an effective amount of the 
protein encoded by the differentially eacpressed genes or 
of an attenuated strain of Leishman^a and a 
physiologically-acceptable carrier therefor may utilize 
an adjuvant as the carrier and the protein may be 
presented to the immune system of the host in combination 
with an ISCOM or liposome. The vaccine may be formulated 
to be administered to a host in an injectable form, 
intranasally or orally, . to immunize the host against 
25 disease. 

A plasmid pGECO 90 described and referred to herein 
was deposited with the American Type Culture Collection 
(ATCC) located at Rockville, Maryland, USA, pursuant to 
the Budapest Treaty on July 28, 1993 and prior to the 
filing of this application and assigned the ATCC 
accession number 75510. A diagram of this plasmid is 
shown in Figure 6. The plasmid contains the A2 gene of 
hi flonOYapA described herein. The plasmid will become 
35 available to the public upon grant of a patent based upon 
this United States patent application. The invention 
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described and claimed herein is not to be limited in 
Bcope by the material deposited, since the deposited 
embodiment is intended only as an illustration of the 
invention. Any equivalent materials are within the scope 
5 of the invention. 

EXAMPLES 

The above disclosure generally describes the present 
invention. A more complete uiiderstanding can be obtained 
by reference to the following specific Exan5>les. These 
10 Examples are described solely for purposes of 
illustration aid are not intended to limit the scope of 
the invention. Changes in form and substitution of 
equivalents are contemplated as circumstances may suggest 
or render expedient. Although specific terms have been 
employed herein, such terms are intended in a descriptive 
sense and not for purposes of limitations. 

Methods of molecular genetics and protein 
biochemistry used but not explicitly described in this 
disclosure and these Examples, are amply reported in the 
scientific literature and are well within the ability of 
those skilled in the art. 
Examnli. 

This Example describes culturing and isolation of 
Lelahmanigi organisms. 

Amastigotes of the ^onPYflnl Ethiopian I.V9 strain 
were harvested from spleens of infected female gold 
Symlan hamsters and purified as described previously 
(ref . 12) . Briefly, parasites were released from tissue 
using an homogenizer, the mixture was centrifuged three 
times at lOOxg to remove cellular debris, and amastigotes 
were pelleted at ISOOxg. The pellet was resuspended in 
0.17 M sodium acetate to lyse contaminating red blood 
cells and amastigotes were recovered by centrifugatlon at 
ISOOxg. Organisms were Incubated at 37*0 in complete 
RPMI medium (RPMI 1640 supplemented with 10% endotoxin 
free heat -Inactivated FBS, 10 ml of IM HEPES pH 7.3, loo 
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V of penicillin and 100 U of streptomycin per ml) for 18 
hours prior to RNA extraction. After this period of 
incubation and multiple washes, the amastigote 
preparation was still physiologically active and 
5 relatively free of host cell contamination. To obtain 
promastigotes, LV9 strain amastigotes were allowed to 
differentiate in complete RPMl medium at 26'C, and 
cultured for at least seven days in the same medium 
before use (ref . 12) . 
10 Promastigotes of the h. don«van^ 

Sudanese strain 

1S2D were cultivated and passaged in complete RPMI medium 
at 26'C. Amastigote-like organisms of the 1S2D strain 
were cultivated as described by Doyle et al. (ref. 13). 
The Sudanese strains IS2D and 1S2D (wt) were obtained 
15 from Dr. S. Turco, the Ohiversity of Kentucky, USA. The 
1S2D (wt) promastigotes were adapted to grow in axenic 
conditions and had lost the ability to transform into 
infective promastigotes. 
ExarmlA ? 

20 This Example describes the preparation of and 

screening of a I,giBhmqn1?< cDNA library. 

A method for Isolating a islehmania gene 
differentially expressed during the amastigote stage in 
the life cycle of the organism is illustrated in Plgure 

25 1. 

Total RKA of amastigotes and promastigotes was 
prepared by the guanldinium Isothlocyanate method using 
"RNAzol- (Trademark of Cinna/biotecx Laboratories 
international Inc., Priendswood, OX); poly A* RNA was 
selected by oligo dT cellulose chromatography (grade 
7: Pharmacia) as described by Sambrook et al. (ref. 14). 
A total of 10 ng of amastigote mRNA was used to construct 
an Esa Rl/ Xha 1 unidirectional cDNA library of io« 
clones in the -X ZAP il- vector (Trademark of 
Stratagene) ; hemi -methylated cDNA was produced using the 
manufacturers reagents and protocols. About 40,000 
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amastlgote and promastigote-specific clones of the 
primary library were screened differentially with 
amastigote and proraastigote stage-specific gene probes. 
The cDNA probes were prepared using oligo dT„.„ primer 
5 (Pharmacia) and M-MLV reverse transciptase (brl) 
following protocols previously described (ref. is). 
Duplicate filters were hybridized with each probe for 18 
h at 42'C in 50% formamide. 6X SSC, SX Denhardt's 
solution, 5% dextfan sulfate. Membranes then were washed 
10 twice at room temperature in IX SSC for 20 min, twice at. 
55*C in IX SSC, 0.1% SDS and then autoradiographed on "X- 
OMAT" films (Trademark of Kodak) with an intensifying 
screen for 18 to 72 hours. such washing operation 
corresponds to stringent conditions of hybridization. 
15 Areas on the plates containing putative clones of 
interest were picked and. the phage pools were submitted 
to a second round of screening. An example of an 
amastigote-specific cDKA clone is indicated by the arrow 
on the plaque hybridisation autoradiogram of Figure 1. 

Although cDHA clones representing promastigote- 
specific transcripts were more abundant than clones 
representing amastigote-specific transcripts, seven 
independent cDNA clones which only hybridized with 
amastigote-specific probes were isolated and termed 2, 3, 
25 5, 6, 8, 9, 11. For each cDNA clone isolated, a 
Blueacript plasmid derivative was excised from the XZAP 
II recombinant phages in Ylvg using the helper phage R- 
408. 

Examnlt. :^ 

30 This Example describes the characterization of 

amastigote-specific cDNA clones. 

The insert size of each of the Bluescript plasmids 

corresponding to the amastigote-specific cDNA clones was 

determined by restriction enzyme digestion and agarose 
35 gel electrophoresis (Figure 2). Recombinant plasmids 

(A2, A3, A5, A6, A8, A9 and All) were digested with fisa 
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RI and fijs I to excise the cDNA inserts. Fragments were 
separated on a 1% agarose gel and stained with ethidium 
bromide. The cDNA inserts varied from 0.5 kb (AS) to 1.8 
kb and A8 contained an internal Ess. RI site. To 
5 determine if the amastigote-specific cDNA clones contain 
common sequences. Southern blot hybridization analysis of 
the Bluescript plasmids corresponding to the amastigote- 
specific cDNA clones was performed using clone A2 and 
clone A6 specific probes (Figure 3) . 
10 For Southern blot analysis, 10 /ig of total T>m was 

cut to completion with the restriction enzymes ESia RI and 
Xha I and separated on a 1% agarose gel. .The restriction 
fragments were transferred to nylon membranes using 
standard procedures (ref . 16) and duplicates hybridized 
15 with e-»»p dCTP nick-translated probes representing the 
inserts of the cDNA clones A2 (O.Skb) or A6 (O.Skb) . The 
A2 probe recognized five eDKfts (A2, A3, A8, A9 and All) 
and the A6 cDNA only hybridized to itself. Thus, this 
Southern blot analysis indicated that cDNA clones A2, A3, 
20 A8, A9 and All contained homologous sequences but AS and 
A6 were clones of unrelated amastigote-specific 
transcripts . 

To confirm that the A2 series of clones represented 
?^iphTn?^;^j,fl genes that were differentially expressed when 

25 the Le l BhrnanAq organism is present in macrophages 
con5)ared to eacpreeslon In the free-living promastlgotes, 
Northern blot analysis was performed. Total RNA was 
extracted from bone marrow-derived macrophages (BUM) , l. 
dongvani LVS -infected BMM (IBMM) and L. dQnnvan^ lV9 

30 proraastigotes (PRO). Murine bone marrow-derived 
macrophage cultures and L. donnv»T,< amastlgote in vli;»-n 
Infections were carried out as previously described (ref. 
12). The RNA species (15 /tg) were separated on an 
agarose gel and stained with ethidium bromide prior to 
35 transfer (Figure 4, right panel) . The RNA was denatured 
by glyoxal treatment and transferred to a nylon membrane. 
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The Northern blot was hybridized with labelled cDNA A2 
(0.9 Jcb) fragment, as previously described (ref. 12 ) 
(Figure 4, left panel). This probe recognized 
predominantly a 3 .5 kb transcript present in amastigote- 
inf ected macrophages but not in promastigotes or in non- 
infected macrophages. This analysis showed that the A2 
gene was differentially expressed at an increased level 
in amastigotes when they were present in macrophages 
compared to a free-living existence and that the 
increased expression was at least a ten fold increase. 
Example ^ 

This Exanple describes the genomic arrangement and 
sequencing of the Lelahman^a 'iffnffVfliT-' amastigote -specific 
A2 gene. 

Regulation of transcription is one of the unusual 
features of the genetics of trypanosomatids . Copies of 
a gene or related genes are often clustered in tandem 
arrays on the same chromosome and a unique promoter 
region regulates expression of the cluster. 
Transcription leads to the synthesis of a polycistronlc 
RNA molecule which is cleaved into monomerlc units by 
trans-splicing prior to translation. The genomic 
arrangement of A2 related gene(s) was investigated by 
Southern blot analysis to determine whether it represents 
25 a multigene family. Total DNA was digested to completion 
with several restriction enzymes (E: fica RI, S: Sai l. X: 
2ba I, C: £la 1, P: £ai II) . For double digests, the DNA 
was first cut to coinpletion with £la 1 or fim II, the DNA 
precipitated and resuspended in the appropriate buffer 
30 for the second digestion. Restriction fragments were 
separated on a 0.7% agarose gel, transferred to a nylon 
membrane and hybridized with a O.S kb £flt i/xho i 
fragment of the A2 cDNA Insert nick-translated with a-"p 
dCTP. For each digest, the hybridization pattern 
35 displayed a series of bands of different intensities, 
clearly showing that many copies of the gene were present 
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in the genome {Figure 5). Moreover, common bands at 
about 6 to 8 kb for the ESSl RI, 2fea I and fial I digests 
suggested an arrangement in tandem arrays • However, the 
presence of at least two other bands in each lane 
suggested that more than one cluster existed, each 
cluster being flanked by. restriction fragments of 
different sizes. Alternatively, clusters also may carry 
copies of unrelated genes or intergenic regions of 
variable sizes. 

To identify the protein coding region of A2, genomic 
clones carrying the A2 gene sequence were isolated, A 
partial genomic library containing 6 to 10 kb MSQ, RI 
fragments was constructed in the lambda ZAP II vector 
(Stratagene) . More than 2,000 clones were screened on 
15 duplicate filters with probes prepared with the A2 cDNA 
using techniques and hybridization conditions described 
in Example 2. Bight clones were isolated and purified. 
Bluescript plasmid derivatives were excised from 
recombinant X phages as for cDNA clones. 
20 The 1.9 kb fflia 1/ Bee RI insert fragment of the A2 

Bluescript clone was subcloned into the Bluescript 
phagemids KS* and KS' for sequencing. Nested deletions 
were carried out on both plasmids using Seq m 
exonuclease and SI nuclease. Sequencing reactions were 
25 performed on single-strand DNA templates using the M13K07 
helper phage according to published procedures (ref . 17) 
with the Deaza 0/A sequencing mixes (Pharmacia) and d«ATP 
or d^*CTP radio-isotopes. Reactions were analysed on 6% 
denaturing gels. The inserts of the genomic clones were 
30 mapped with several restriction enzymes and displayed 
similar patterns, except some inserts were longer than 
others. One of these clones, pGECX) 90 (as shown in 
Figure 6), was selected for further characterization. 
Figure 7 shows the restriction map of the insert of pGECO 
35 90 and how it corresponds to the A2 related cDNAs. The 
restriction enzymes shown in Figure 7 are S: Sal I# Ps 
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£S£ I, Os 2h2 I. X: iSffl I, E: fiCfi HI, M: fima I. Plasmid 
pGECO 90 contained unique sites for Sal i and Jfea i, but 
no £la I site, and this was consistent with the Southern 
blot analysis shown in Pisfure 5. The dha sequence 
flanJcing the fica Ri site on this genomic clone was 
determined and shown to correspond exactly to the related 
portion of the- A8 cDNA, confirming that this fragment 
represented one tinit of the tandem array. 

The DNA sequence of the 1.9 kb Ssq ;/ gg^ ri 
fragment of the pGECO 90 genomic clone corresponding to 
the 3.5 kb A2 transcript was determined (Figure 8) and 
compared to the cDHA's sequences. The longest open 
reading frame (ORP II) found was contained in the Xho 1/ 
1^1 1.1 kb fragment and potentially encoded a 22 kD 
15 protein product (A2 protein) . stop codons were observed 
in two other frames and upstream from the initiating ATG. 
Most of this predicted A2 protein was composed of a 
repetitive sequence consisting of a stretch of ten amino 
acids repeated nineteen times. Since each unit of this 
repeat contains two serines, two valines, two leucines 
and two prolines separated from each other by five 
residues, the repeated region could also be considered as 
a stretch of five amino acids repeated thirty-eight 
times. The only hydrophobic domain was located at the 
25 amino terminal portion and may correspond to a signal 
peptide. The predicted amino acid sequence was compared 
with proteins reported in the Swiss-Prot database version 
using a Pasta algorithm (Canada Institute for Scientific 
and Technical Information: Scientific Numeric Database 
30 Service). The most striking identity was observed with 
an S-antigen of Plasmodium falr<pn|^^n| Vietnamese isolate 
VI. The alignment of the A2 protein sequence (A2) with 
the amino- terminal portion of the S-antigen of £^ 
£alcAp?ruin isolate VI is shown in Figure 9. Identical 
35 residues are indicated by dashes and homologous amino 
acids by dots. As with the L. donovan^ A2 protein, the 
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carboxy- terminal portion of this antigen of P. falf;ioar-, , y, i 
Vietnamese isolate IV is composed of a stretch of eleven 
amino acids repeated nineteen times. The repeated units 
of both proteins are 50% identical and 80% homologous. 
5 The S-antigen, as the CS-antigens of PlasH^od^nn. are 
proteins which are stage-specific, being expressed in the 
mammalian host but not in the insect host. Therefore, 
the A2 and S-antigen genes from unrelated huma^ 
infectious protozoa are e3q>ressed specifically in the 

10 mammalian host and encode similar proteins. Thus, the A2 
and S-antigen proteins may perform similar functions and 
may be required to enable these protozoa to survive in 
humans and functional disablement of the A2 sequences in 
I). donffYffnl may be e:q>ected to result in a non-infective 

15 promastigote useful as a live attenuated vaccine for 
leishmaniasis. 
Exairmla S 

This Example describes the functional disablement of 
differentially expressed genes in iaiaimania. 
20 One approach for the development of attenuated 

strains of Iig^ahmanifl is to functionally disable 
amastigote-specific genes (such as the A2 gene) from the 
^^AghmmAa genome (by for exanqole deletion) using 
homologous recombination. Deletion of genes from 
protozoa (such as LgiBfaTnapA^) has been described (ref. 
18). This procedure involves cloning DNA fragments 5'- 
and 3'- to the A2 gene and constructing a plasmid vector 
that contains these flanking DNA sequences sandwiching a 
neomycin resistance gene. This 5'- naa 3'- fragment of 
DNA then is used to transform L. donov,^^ promastigotes 
to G418 resistance. I,, dongvanl is diploid and deletion 
one allele of the ^ gene in such 0418 resistant strains 
can be determined by Southern blot hybridization using M. 
specific probes. The second M allele then can be 
35 deleted by constructing a second deleting vector 
containing the 5'- and 3'- flanking sequences 
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sandwiching a hygromycin resistance gene. Following 
transformation colonies are selected on medium containing 
- G418 and hygromycin. Deletion of both copies of the ^ 
gene can be confirmed by Southern blot hybridization 
5 Examnlft 

This Example describes the ejcpression of the lu. 
flanami amastigote-specific A2 gene and the recognition 
of the A2 gene product by kala-azar immune sera. 

To produce the A2 protein in a heterologous system, 
10 the coding region from the initiating ATG to the Xba I 
restriction site (see Figure 8) was subcloned in the pET 
16B expression vector in frame with the.HIS-TAG (Figure 
10) . The A2 fusion protein of 27 kD was produced in an 
^" ^ ^ ^^^ transcription-translation assay (tot system 
Promega) using the pET16b/0RF 11 plasmid and a negative 
control pBluescrlpt/pSa. plasmid, encoding the human p53 
protein. The i n Vltrg translated HIS-TA0/A2 «S-labelled 
protein was immunoprecipitated with kala-azar immune 
serum and analyzed by sodium dodecyl sulfate- 
polyacrylamide gel electrophoresis (Figure 11). Kala- 
azar is a term used to describe the disease caused by 
daoasani. The kala-azar immune eerum was obtained from 
a patient suffering from visceral leishmaniasis and 
reacted strongly against lu dPWv^nl antigens on ELISA 
25 m Figure 11. Lanes 1 and 2 contained the labelled 
proteins A2 and p53, respectively, prior to 
immunoprecipitation analysis. Lanes 3 and 4 contained 
proteins A2 .and p53. respectively, immunoprecipitated 
with the kala-azar immune serum (H) and Lanes S and 6 
30 contained proteins A2 and p53, respectively, 
immunoprecipitated with a control human serum (TXC) The 
kala-azar serum did not react against the negative 
control protein human p53 but did immunopreoipitate the 
A2 gene-product. Neither of the proteins were 
35 immunoprecipitated by the control human serum. This 
analysis showed that the product of the L. dono^.»i a2 
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gene was specifically recognized by kala-azar iramxine 
semn. 

To confirm the specificity of the immiine reaction, 
the pET 16b/0RF II plasmid coding for the recombinant A2 
5 fusion protein and a negative control plasmid pET 16b 
with no insert, were introduced into coli . Expression 
was induced with IPTG, and total lysates of the 

recombinant fi^ sqU cells separated by SDS-WAQB and 

analyzed by Western blot analysis using the kala-azar 
10 immune serum described above (see Figure 12) . In Figtire 
12, Lane 1 contained E. coli /pgr i^b cells and Lane 2 
contained Et CTlA/pET 16b/0RP II cells. The Jcala-azar 
serum reacted specifically with protein products of 27.5 
and 25 kD in the lysates of cells containing the pET 
15 16b/0RF II plasmid (Lane 2) . The 25 kD protein probably 
corresponded to the A2 protein without the HIS-TAQ since 
the A2 sequence did contain its own initiating ATG. The 
serum did not react specifically with protein from £^ 
£ali lysates containing the control pET 16b plasmid (Lane 
20 1) , These data confirmed that the ORF II of the A2 gene 
encoded a Lt dPTOY?n1 protein (A2) that was antigenic in 
patients with visceral leishmaniasis. 
Example 7 

This Example describes the Southern blot analysis of 
25 the isolated chromosomes of different species and 
subspecies of Leishmanla. 

L^Aghm^pAft strains were obtained from American type 
Culture Collection, Rockville, Maryland, identified by 
their accession numbers as follows: 



35 





■2211: 


L. donovani donQvany 
strain MHOM/IN/80/DD8 


ATCC 
50212 


SF- 


-1881: 


L> donovani Infar^t^l^ 


50134 


SF- 


-1880: 


L:._dQnov^ani chaaaal 


50133 


SF- 


-1882: 


BragiUensis Bra2iii**n«^« 


50135 
• 50158 
50126 


SF- 


1913: 


L. Braziliensig panamAY^H^p 


SF- 


1871: 


h. Braziliensia Giiy^ti^i;^^^-! p 



wo 95/06729 



PCT/CA94/00482 



19 

SF'1878: L. Mexicana amagf^^f>nf|^|c^ 50131 

Mg^^Agan?^ HiftxIiCTnfi soisc 

SF.1854S ^f, Major 50122 
SF-1876: L, trppica 50129 
5 SF-1861: i^^aStiSEifia 50119 

Sample . blocks were initially prepared from the 
I^^iehm^ia strains, by the following protocol: 

1) Promastigote cells were washed once in Hepes-NaCl 
buffer {21 mM HEPES pH 7.5, 137 inM NaCl, 5 mM KCl, 

10 0,7 .mM Na^PO^ and 6 mM glucose) and resuspended at 

a density of 5 x 10* in the same buffer. 

2) Cells were diluted with 1 vol. of 1% low melting 
point agarose and 100 ul samples were allowed to 
cool down in sample holders at 4*C. 

15 3) Blocks were transferred into lysis buffer (0.5 M 

EDTA pH 9.5, 1% sodium lauryl sarcosyl and 2 mg/ml 
of proteinase K) and incubated at 50'C for 18 h. 
4) Blocks were kept at 4'C in 0.5 M EDTA. 
Chromosomes were then separated from the sample 
20 blocks by Transverse Alternating Field Electrophoresis 
(TAPE) using a Geneline II System (Beckman instruments) 
under the following conditions: 

- 1* agarose gel were prepared in IX TAPE buffer 
(20X TAPE buffer consists in 0.45 M Tris-borate and 
0 . 01 M EDTA) . Electrophoresis were carried out at 
350 mA for 36 h at 15'C. 

- Electrophoresis conditions were: 
Stage 1: 12 h, 40 s pulse time 
Stage 2: 12 h, 100 s pulse time 
Stage 3: 12 h, 160 s pulse time 

Southern .blots were then prepared from the 
chromosomal DNA by the following protocol: 

1) Gels was soaked in 0.25 M HCl for 15 min. for a 
partial depurination of DNA. 
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2) DNA was denatured by an alkaline treatment (gels 
were soaked 0.5 N KaOH, 1.5 M NaCl for 45 min. with 
gentle shaking). 

3) Gels were neutralized by soaking in 0.5 M Tris-Cl 
5 pH 7.0, 3 M NaCl for 45 min. 

4) DNA was transferred to nylon membrane using 
Vacugene XL (Pharmacia-LKB) for 2 h at 60 mbar in 
lOX SSC (IX SSC consists in 0.15 M NaCl, 0.015 M 
sodium citrate) , 

10 Hybridization next was carried out, as follows: 

- Nyion membranes were prehybridized in 1 M NaCl, 1% 
sodium dodecyl sulfate (SDS) , 10% dextran sulfate 
for 18 h. at 65*C for 2 h. 

- Denatured probes were directly added to the 
15 hybridization buffer and blots were incubated for 18 

h at 65*C. 

- Membranes were washed twice in 2X SSC, 0.1% SDS at 
room temperatiire for 20 min. and twice in 0.5X SSC, 
0.1% SDS for 20 min: 

- Membranes were exposed on Kodak X-OMAT films with 
intensifying screens for 18 h. 

The DNA probe used consisted for a pET16b/0RF II 1.1 
kb Earn HI fragment agarose gel purified and labelled to 
high specif icity with »P-dCTP (ICN;3000 ci/mMol) by nick - 

25 translation. This fragment contained the complete A2 
protein coding region of the L. <|onQYani, A2 gene. The 
Southern blots obtained are shown in Figure 13. 

The data provided by Figure 13 shows that the 1^. 
dgT^OVMi A2 gene is present in all three species of 

30 ^CTgvani tested and two subspecies of L. meviga^ ^. 
However, the A2 coding sequence was not found in l^. 

iEsaaisa; maipy , bra?;i.Ufinffiff or l. aeti^nir.^. prom 

these results, it is apparent that the L. donn^^n^ a2 
gene DNA is useful as a probe to detect specifically 
35 dQnQVanA and L, ine?gic?]iff among Leishmania species. The 
^ — dgnPVanA and I^, mexicana species are usually 
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encountered at widely-different geographical locations, 
so the probe is specific for infection by the species 
present in a specific geographical location. 

SUMMARY OF THE PTfirr/^pnpT:; 
In summary of this disclosure, the present invention 
provides differentially expressed genes and proteins of 
LiyL2bsisni&# including the A2 gene expressed at 
significantly higher levels in the amastigote stage of 
the life cycle when the Leiahmania organism is present in 
macrophages ^ than in the promastigote stage. 
Modifications" are possible within the scope of this 
invention. 
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SBQUE27CE LISTING 



CD GENERAL INFORMATION: 



(1) APPLICANT: 

(A) NAME: KcOUl Uoiverslty 

<B) STREET: 845 Sherbrooke Street Nest 

(C) crrV: Kontreal 

(D) STATE: Quebec 

(B) OODNTRY: rmnmAn 

(F) POSTAL CSQDB (ZIP) : H3A 2T5 

(A) NAME: Gregory Matlashewslci 

(B) STRE^: 2571 Chestnut Circle 

(C) CITY: St-Lazare 

(D) STATS: Quebec 

(E) COUNTRY: C ^ nffid^ 

(F) POSTAL CODE (ZIP) : JOP IVO 

(A) NAME: Bugues Cbarest 

<B} STRBETi 1930 Sommet -Trial te 

(C) CITY: St-Bruno 

(D) STATE: Quebec 

(E) COUNTRY: f*»^»Aa 

(F) POSTAL CODE (ZIP) : H3V 4P6 

(ii) TITLE OF INVENTION: DIFFERENTIALLY E3CPRESSED LEISB24ANIA OBNES AND 
PROTEINS 



(iii) NUMBER OF SEQaSNCBS: 4 

(iv) CC»fPDTER READABLE FORM: 

(A) MEDIUM TYPE: Floppy disk 

(B) CCMPOTBR: IBM PC COO^tible 

(C) OPBRATINO SYSTEM: PC-DOS/MS-DOS 

(D) SOFTMARE: Pateatin Release #1*0, Version #1.25 (BPO) 



(2) INFORMATION FOR SEQ ID N0:1: 



(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 1091 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNHSS : single 
<D} TOPOLOGY: linear 



(xi) SEQUENCE DESCRIPTION: SEQ ID N0:1: 

OAGCTCCCCC AOCGACCCTC TOGQCAACGC GA6CGCCCCA GTCCCCCCAC 6CACAACTTT 60 

QACCGAGCAC AATGAAGATC CGCAGC6T0C GTCCGCTTGT GOTOTTGCTG OTOTOCGTCO 120 

C0QC6GTGCT C6CACTCAGC QCCTCCGCTQ AGCCGCACAA GGCGQCCQTT GAOSTCGGCC 180 

CGCTCTCC6T TGGCCC6CA0 TCCQTCGGCC CGCTCTCTOT TGGCCCGCAG GCTQTTGGCC 240 

CGCTCTCCGT TGGCCCGCAG TCCGTCGGCC CGCTCTCTGT TGGCCCGCAG GCTGTTGGCC 300 

CGCTCTCTOT TGGCCCGCAG TCCQTTGGCC CGCTCTCCGT TGGCCCGCTC TCCQTTOGCC 360 

CGCAGTCTQT TGGCCCGCTC TCCOTTGGCT CGCAGTCC6T CGGCCCGCTC TCTaTTOOTC 420 
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CGCAGTCCOT CGOCCCGCTC TCCGTTCGCC CGCftGOCTGT TGGCCCGCTC TCCGTTOGCC 480 

CGCAOTCOOT CGGCCCSCTC TCTGTTGGCC CGCAGGCTGT TGGCXJCGCTC TCTOTTOGCC 540 

OKaOTCCGT TGGCCCGCTC TCCJGTTOGCC CQCftOTCTOT TGGCCOGCTC TCCGTTGQCT 600 

OOCA0TCO(3T CGGCXXSOCTC TCTOTTOaTC CGCAOTCCQT CGGCCCQCTC TCCGTTOOCC 660 

CGCAOTCTOT CGOCCOGCTC TCCGTTOGCC CGCAGTCCGT CGOCCCGCTC TCCGTTGGTC 720 

CGCASTCCOT TGGCCCGCTC TCCGTTOGCC COCAGTCCOT TGRCGTTTCT CCGGTOTCTT 780 

AAGGCTC6GC GTCOGCTTTC CGGTOTGOGT AAAGTATMG CCATGMGCA TGGTQACGAG 840 

OCAAACCTTG TOVOCAMOT GOCATTATCG TACCCQTOCA AGAGCAACAO CAOAGCTOAG 900 

TGTTCAGGTO GCCACAGCAC CACGCTCCTG TGACACTCCG TOGGGTOTOT GTOACCTXTO 960 

CTGCTOTTOC CAGGCOGATO AACTGCOAGG GCCACAGCAQ CGCAAGTOCC GCTTCCAACC 1020 

TTGCGACTTT CACGCCACAG ACGCATAGCA OCQCCCTQCC TOTCGCGGCG CATOCGGGCA 1080 
AGCCATCTAG A 



1091 



(2) IHFORMATZCN FOR 8EQ ZD N032: 

(i) SEOOKtlC B CH ARACTERISTICS t 

(A) LEKGTBi 711 base pairs 

(B) TYPB: sucleic acid 

(C) STRANZ2BBHESS: single 
(O) TOPOLOGy: linear 

(Xi) SSQDEHCE DESCRIPTION: SEQ ID ND:2s 

ATGAAGATCC 6CAGCGTGCG TCCGCTTOTO GTGTTGCTG6 IGTGCGTCGC OGCGGTGCTC 60 

GCACTCAGCG CCTCCGCTGA GCCGCACAAG GCOGCCOTTG ACOTCGGCCC GCTCTCCGTT 120 

GGCCCGCAGT CCGTCGGCCC GCTCTCTGTT GGCCCGCAOO CTGTT G GCCC GCTCTCCGTT 180 

GGCCCQCAGT CCGTCGGCCC GCTCTCTGTT GGCCCGCAGO CTGTTGGCCC GCTCTCTGTT 240 

GGCCCGCAGT CCGTTOGCCC GCT CTCCG T T GOCOXCTCT CCGTTGGCCC GCAGTCTOTT 300 

GGCCC6CTCT CCGTTGGCTC QCAGTCCOTC 6GCCCGCTCT CTGTTGGTCC OCAGTCCQTC 360 

GGC«X3CTCT CCGTTOGCCC 0CAGGCT6TT GGCCCGCTCT CCGTTGGCCC GCA6TCCGTC 420 

GOCCCGCTCT CTGTTGGCCC GCAGGCT6TT GGCCCSKTO CTGTTGGCCC GCAGTCCGTT 480 

GGCCCGCTCT CCGTTOGCCC GCAGTCTOTT GOCCCGCTCT CCGTTGGCTC GCAGTCCGTC 540 

GGCCCGCTCT CTOTTGOTCT GCAGTCCGTC GOCCCGCTCT CCGTTGGCCC GCAQTCTOTC 600 

GGCCCGCTCT CCGTTGGCCC GCAGTCCGTC GOCCCGCTCT COTTTGOTCC GCAOTCCOTT 660 

GGCCCGCTCT CCGTTGGCCC GCAGTCCGTT QACGTTTCTC^ CGGTGTCTTA A 7X1 
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(2) XHFORMATZQN FOR SEQ ID K0:3: 

(i) SBOOEWC B CH aRftCTERISTICS ; 

(A) LENQTH: 236 amino acida 

(B) TVPBx amino acid 

(C) SnUttlDSDKESS! single 

(D) mVGUmt linear 



(xi) SSQUEHCE DESC3UPTI0N: SBQ ID K0:3t 

Met Lya He Arg Ser Val Arg Pro hen Val Val Leu Leu Val Cya Val 
^ 5 10 15 

Ala Ala Val Leu Ala Leu Ser Ala Ser Ala Glu Pro His Lys Ala Ala 
20 25 30 

Val Asp Val Gly Pro Leu Ser Val Gly Pro Gin Ser Val Gly Pro Leu 
35 40 45 

Ser Val Gly Pro Gin Ala Val Gly Pro Leu Ser Val Gly Pro Gin Ser 

55 .60 

Val Gly Pro Leu Ser Val Gly Pro Gin Ala Val Gly Pro Leu Ser Val 
70 75 80 

Gly Pro Gin Ser Val Gly Pro Leu Ser Val Gly Pro Leu Ser Val Gly 
85 90 S5 

Pro Gin Ser Val Gly Pro Leu Ser Val Gly Ser Gin Ser Val Gly Pro 
100 105 110 

Leu Ser Val Gly Pro Gin Ser Val Gly Pro Leu Ser Val Gly Pro Gin 
1X5 120 125 

Ala Val Gly Pro Leu Ser Val Gly Pro Gin Ser Val Gly Pro Leu Ser 
*30 135 j^^Q 

val Gly Pro Gin Ala Val Gly Pro Leu Ser Val Gly Pro Gin Ser Val 
ISO 155 j^gjj 

Gly Pro Leu Ser Val Gly Pro Gin Ser Val Gly Pro Leu Ser Val Glv 
165 170 175 ^ 

Ser Gin Ser Val Gly Pro Leu Ser Val Gly Pro Gin Ser Val Gly Pro 
"0 185 190 

Leu Ser Val Gly Pro Gin Ser Val Gly Pro Leu Ser Val Gly Pro Gin 
195 200 205 

Ser Val Gly Pro Leu Ser Val Gly Pro Gin Ser Val Gly Pro Leu Ser 
210 215 220 

Val Gly Pro Gin Ser Val Asp Val Ser Pro Val Ser 
225 230 235 



(2) INFORMATZCSaT FOR SEQ ZD NO: 4: 

< i } SEQDEMC S CHA RACTERISTICS x 

(A) X£MGTBi 269' amino acids 

(B) TYPE: amino acid 

(C) STRAKDBCSIESS : single 
<D) TOPOLOGY: linear 
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(Xi) SEQDEWCE DBSGRIPTIOK: SEQ U) N0:4: 

Pro GXy Ser Glu Gly Pro Lys Oly Thr Oly Oly Pro Gly Ser Glu Qly 
5 10 15 

Pro Lys Qly Thr Qly Oly Pro Oly Ser Glu Oly Pro Lys Gly Thr Gly 
20 25 30 

Gly Pro Oly Ser Glu Gly Pro Lys Oly Thr Qly Oly Pro Gly Ser Glu 
35 40 45 

Qly Pro Lys Oly Thr Oly Qly Pro Qly Ser Glu Qly Pro Lys Oly Thr 

Gly Oly Pro Oly Ser Glu Gly Pro Lys Gly Thr Oly Gly Pro Gly Ser * 
65 70 75 ' eo 

Glu Gly Pro Lys Qly Thr Gly Gly Pro Gly Ser Glu Oly Pro Lys Qly 
85 90 55 

Thr Qly Qly Pro Gly Ser Glu Gly Pro Lys Oly Thr Gly Gly Pro Glv 
100 IDS 3^3^J ' 

Ser Glu Qly Pro Lys Oly Thr Gly Gly Pro Oly Ser Glu Gly Pro Ly^ 

130 125 

Gly Thr Qly Qly Pro Qly Ser Glu Oly Pro Lys Qly Thr Oly Qly pro 
*30 135 140 

Gly Ser Glu Oly Pro Lys Gly Thr Qly Gly Pro Gly Ser Glu Gly Pro 
150 155 ' 160 

Lys Gly Thr Gly Qly Pro Gly Ser Qlu Oly Pro Lys Oly Thr Oly Gly 

170 ^75 

Pro Oly Ser Olu Ser Pro Lys Oly Thr Gly Gly Pro Qly ser Qlu Gly 
150 185 190 

Pro Lys Oly Thr Gly Gly Pro Gly Ser Glu Oly Pro Lys Oly Thr Oly 
1'5 200 205 

Pro Lys Oly Thr Oly oly Pro Gly Ser Glu Ala Qly Thr Glu Gly Pro 
210 215 230 

Lys Qly Thr Gly Gly Pro Gly Ser Olu Ala Gly Thr Olu Oly Pro Lys 
230 - 335 240 

Gly Thr Gly Oly Pro Gly Ser Oly Gly Glu His Ser His Asn Lys Lys 
245 250 255 

Lys Ser Lys Lys Ser lie Met Asn Met Leu He Gly Val 
360 265 
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What we claim is: 

1. An isolated and piirified chromosomal DNA molecule, the 
moleciile comprising at least a portion coding for a 
differentially expressed gene of a Leishmania organism, the 
differentially e^^ressed gene being e3q>ressed at an 
increased level when the amastigote form of the Leishmania 
organism is present within a macrophage in comparison to 
the proraastigote form of the Leishmania organism. 

2. The DNA molecule of claim 1 wherein the increased 
level is at least about a ten fold increase. 

3 . The DNA molecule of claim 1 wherein the differentially 
expressed gene is a virulence gene of the Leishmania 
organism. 

4 . The DKA molecule of claim 3 wherein the virulence gene 
is required for maintenance of infection by the amastigote 
form of the organism. 

5. The DNA molecule of claim 1 wherein the differentially 
expressed gene encodes a protein. 

6. The DNA molecule of claim 1 wherein the Leishmania 
organism is Leishmania donovanl. 

7. The DNA molecule of claim 1 wherein the differentially 
expressed gene has the DNA coding sequence set out in 
Figure 8 or its complementary strand or a DNA molecule 
coding for a differentially expressed gene of a Leishmania 
organism which hybridizes under stringent conditions 
thereto. 

a. An isolated and purified DNA fragment having the 
nucleotide sequence: 

OAGCTCCCCC AGCGACCCTC TCGGCAACGC GAGCGCCCCA GTCCCCCCAC GCACAACTTT 60 ' 
GACCGAGCAC AATOAAOATC CGCAGCGTGC GTCCGCTTOT GGTGTTGCTO GTGTGCGTCG 120 
CGGCG6TGCT CGCftCTCAGC GCCTCCGCTG AGCOQCACAA GGCGGCCGTT GACGTCGGCC 180 
CGCTCTCCGT TGGCCCGCAG TCCGTCGGCC CGCTCTCrOT TGGCCCGCAG GCTGTTGOCC 240 
C6CTCTC00T TGGCCCGCAG TCCGTCGGCC CGCTCTCTGT TGGCCCGCAG GCTQTTGGCC 300 
CGCTCTCTGT TGGCCCGCAG TCCGTTGGCC CGCTCTCCGT TGGCCCGCTC TCCGTTGGCC 360 
C6CAGTCTGT TGGCCCGCTC TCCGTTGGCT CGCAGTCCGT CGQCCOGCTC TCTOTTGOTC 420 
CGCAGTCCGT CGGCCOSCTC TCCGTTGGCC CGCAGGCTGT TGGCCCGCTC TCCGTTGGCC 480 
CGCAGTCCGT CGGCCCGCTC TCT6TTGGCC CGCAGGCTGT TGGCCCGCTC TCTGTTGGCC 540 
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€00 
€60 
720 
780 
840 



'^aCCCGCTC TCCGTTGGCC CGCMTCTGT TGGCCCGCTC TCCGTTGGCT 

«ZZ '=^=^ =^ 

CGOCCOGCTC TCCGTI^ 
OKSUSTCCGT TOOCCCGCTC TCOGram: C«3W^ 

TCMCAMOT GOCAmrCG TACCC^ 

««CWTTGC CAGGCOOWO *ACI«»ASG GCCACAOCAG CGCAAflTOCC OCTTcS 1020 

™, ™- «-«-cc Toxcoo^c. c.r<^ Z 

(SEO ID NO: 1), or Its con^lementary strand, or a 
moleucle coding for a differentlally-expresaed gene of^ 
I'Sialaaaia organism which hybridizes thereto under 
stringent conditions. 

====== i 

====== 

====~= 

aCCCtKacT CCGTTGGCCC GCAGTCCCTC OGCCCGCTCT 

(SEQ ID NO: 2). or its complementary strand, or a DKA 
^ea.le coding for a differentially-expressed gene of a 
ifiisWfl organism which hybridizes thereto under 
stringent conditions. 

ILJ^ fr^"^^^ '"^^"^ the 

amino acids sequence: 

Met Lys II, Arg 8ar Val Arg Pro Leu vi Val leu Leu Val Cys V.1 

Al. AI. val Leu Ala Leu Ser Ala Ser Ma Olu Pro HI. Lys Ma Ala 

25 

val ASP val Gly Pro Leu Ser Val Gly Pro Gin Ser Val lly Pro Leu 



35 40 
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ser Val Gly Pro Gin Ala Val Gly Pro ser Val Qly Pro Gin Ser 

Gly Pro I*u ser V.X oiy Pro Gin Ala Val «y Pro Leu Ser Val 
65 70 75 

Oly Pro Qla Ser Val Gly Pro Leu Ser Val oly Pro Leu Ser Val lly 

85 on 



Pro Gin ser Val Gly Pro Leu Ser Val Gly ser Gin Ser Val Oly Pro 

105 no 
Leu ser Val Gly pro Gin Ser Val Gly Pro Leu Ser Val Gly Pro Gin 

"0 

Ala yal Gly Pro Leu Ser Val Gly Pro Gin Ser Val Gly Pro Leu Ser 

val Gly Pro Gin Ala Val Gly Pro Leu Ser Val Gly Pro Gin Ser Val 

ISO 155 
Gly Pro Leu ser Val Gly Pro Gin Ser Val Gly Pro Leu Ser Val Gly 

1^5 2.70 



ser Gin Ser Val Gly Pro Leu Ser Val Gly Pro Gin Ser Val oly Pro 

* 190 

Leu ser V^ Gly Pro Gin Ser Val Gly Pro Leu Ser Val Gly Pro Gin 

200 aos 
ser val Gly Pro Leu Ser Val Gly Pro Gin ser Val oly Pro Leu Ser 

215 



Val Gly Pro Gin Ser Val A«p Val Ser Pro Val Ser 

"0 235 
(SEQ ID NO: 3), or its complementary strand, or a DNA 
molecule coding for a differentially-expressed gene of a 
Lsxsimnis. organism which hybridizes thereto under 
stringent conditions. 

M«I/rT'°"' '^'"^'^ transformation of a 

ndcrobial host, the recombinant plasmid comprising a 
plasmld vector into which a mu, segment comprising the 
purified and isolated molecule of any one^of claims 
to 10 has been inserted. 

12. The recombinant plasmid of claim 11 which is plasmid 
PGECO 90 having ATCC accession number 75510 

13. A purified protein encoded by a differentially 
expressed gene of a Lsiahmaaia organism, the differentially 
expressed gene being expressed at an increased level when 
the amastigote form of the Lsiafemania organism is present 
Within a macrophage. 
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14 • The purified protein of claim 13 wherein the increased 
level is at least about a ten fold increase. 

15. The protein of claim 13 wherein the differentially 
expressed gene is a virulence^ gene of the Leishman^;. 
organism, 

16. The protein of claim 15 wherein the virulence gene is 
required for maintenance of infection by the amastigote 
form of the Leishman^a organism. 

17. The protein of claim 13 wherein the differentially 
expressed gene lias the DNA sequence set out in Figure 8 or 
its conplementary strand, or a DNA sequence coding for a 
differentially expressed gene of a Leishmanla organism 
which hybridizes under stringent conditions thereto. 

18 . The protein of claim 13 wherein the Leishmanla 
organism is Leishmania donovani. 

19. An attenuated strain of LeiBhlnan^a wherein the 
virulence gene has been functionally disabled. 

20. The attenuated strain of claim 19 wherein the 
virulence gene has been functionally disabled by deletion. 

21. The attenuated strain of claim 19 wherein the 
virulence gene has been functionally disabled by 
mutagenesis thereof. 

22. The attenuated strain of claim 21 wherein the 
virulence gene has been functionally disabled by 
insertional mutagenesis . 

23. The attenuated strain of claim 19 wherein the 
differentially expressed virulence gene has the DNA 
sequence set out in Figure 8 or its complementary strand, 
or a DNA sequence coding for a differentially expressed 
gene of a t^^jghtp^^jlf^ organism which hybridizes under 
stringent conditions thereto. 

24. A vaccine to provide protective immunity to a host 
against disease caused by a Leishmania organism, comprising 
an effective amount of the protein claimed in claim 13 and 
a physiologically-acceptable carrier therefor. 
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25. The vaccine of claim 24 wherein the carrier comprises 
an adjuvant* 

26. The vaccine of claim 24 wherein the protein is 
presented to the immune system of the host in combination 
with an ISCOM or a liposome* 

27. A live vaccine to provide protective immunity to a 
host against disease caused by a Leishmania organism, 

"con^rising an effective amount of the attenuated strain of 
If^Aghm^nAa wherein the virulence gene has bieen f xinctionally 
disabled and a physiologically-acceptable carrier therefor. 

28. The vaccine • of claim 24 or 27 formulated to be 
administered in an injectable form, intranasally or orally. 

29. A method of immunizing a host against disease caused 
by a LfijghffimA?^ organism, which comprises administering to 
the host an effective amount of vaccine claimed in any one 
of claims 24 or 27. 

30. An antibody raised against the protein of claim 13. 
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